IgM have fallen to 32-40 mg and 13-2 mg/100 ml respectively. This has occurred without a really significant fall in IgG level. The amount of antibody on the surface of the red cells as assayed by the direct antiglobulin test has shown no decrease; in fact, the reaction has become stronger.
We may have controlled this patient's anaemia by virtue of the other effects of azathioprine without decreasing the amount of abnormal antibody. The low levels of IgM and IgA may perhaps be due to a combination of splenectomy and the immunosuppressive drug. However, another patient, Case 15, has equally low levels of 1gM without splenectomy. In warm AIHA it may be that trying to lower abnormal antibody titres with azathioprine is too unselective a method of treatment. Other drugs may possibly be more useful.
Some workers, for instance Schwartz &
Dameshek (1962) and Hitzig & Massimo (1966) , have obtained better results with a variety of immunosuppressive drugs, mainly 6-mercaptopurine and its derivatives. Other workers such as Rundles et al. (1961) , Lorenzen & Videback (1965) and Corley et al. (1966) have obtained results comparable with or worse than our own.
Our present policy in the treatment of AIHA of the warm antibody type is to use steroids as the first line of attack. Splenectomy, up till now, has been the second line of attack for those patients who develop complications of steroid therapy and in whom 51Cr-tagged red cell studies have shown that the spleen is a major organ of red cell destruction. Irmmunosuppressive drugs have only been used as a third line of attack. Which is the best drug is uncertain; the results of treatment with azathioprine have been somewhat disappointing. In hemolytic anemias the shortening of red cell life span upsets the balance between production and destruction. Increased destruction resulting from ineffective erythropoiesis (intra-marrow destruction of red cells) increases the severity of the disease; on the other hand, increased red cell production due to marrow expansion tends to compensate for the anemia. In patients with either severe red cell destruction or severe ineffective erythropoiesis compensation is inadequate and serious anmmia results. However, in those patients with only a moderately shortened red cell life span the severity of the anaemia is dependent on the compensation achieved by the marrow. One of the problems is that for a given degree of shortening of red cell life the compensation achieved is variable in spite of the marrow being capable of further expansion. Some clue to the explanation of this paradox can be obtained from the suggestion that the cause of polycythmemia seen in some hemoglobinopathies not associated with hemolysis is their high oxygen affinity. In these patients it has been suggested (Adamson & Stamatoyannopoulos 1967) that since there is less oxygen available to the tissues there is increased erythropoietin production, causing polycytheemia. This concept can be applied to the compensation seen in haemolytic processes due to various abnormal hemoglobins; that is, those abnormal haemoglobins associated with a high oxygen affinity would similarly cause a raised erythropoietin production, and therefore better compensation, for a given shortening of the red cell life than would be seen in those having a normal or decreased oxygen affinity where erythropoietin production would be less stimulated.
To test this hypothesis we studied the oxygen dissociation curve of whole red cells containing a variety of hemoglobins by the following method. Three times washed, fresh red cells were suspended in a phosphate buffer of chosen pH. The suspension was put into a tonometer and deoxygenated using a vacuum and the spectrum recorded using the second sample position of a modified SP 800 recording spectrophotometer (Unicam Instruments Ltd, Cambridge, England). Serial additions I Bilton Pollard Fellow of oxygen were made, the spectrum being recorded between each after equilibration at a constant temperature. Finally, the sample was fully oxygenated. The degree of saturation and partial pressure of oxygen after each addition were then calculated, essentially as carried out by Benesch et al. (1965) .
Red cells from patients with a well-compensated hemolytic process, that is, containing Hb-Koln or Hb-St Mary's, were studied and shown to have a raised oxygen affinity (Fig 1) . The partial pressure of oxygen at 50% saturation (P,0) was 22'5 mmHg for cells containing Hb-Koln and 24-0 mmHg for cells containing Hb-St Mary's, compared with normal adult cells which have a P60 in the range of 30-32 mmHg (pH 7-1 and 37°C). Cells from patients with poorly compensated heemolytic processes were also studied. Cells containing Hb-E were found to have a reduced oxygen affinity with a P50 of 40'5 mmHg and those containing Hb-D and Hb-C had an oxygen affinity in the normal range.
These results are consistent with the above hypothesis, but cells containing Hb-p4 (Hb-H) and Hb-y, (Hb-Bart's) gave apparently contradictory results. It is well documented that patients with Hb-H disease have a poorly compensated mild hemolytic process. Oxygen dissociation studies of purified Hb-y4 (Benesch et al. 1961) and Hb-p4 (Horton et al. 1962) in solution show that these haemoglobins have a very high oxygen affinity. Studies of red cells containing these haemoglobins show an essentially similar oxygen dissociation curve (Fig 1) . Hb-y4 and Hb-p4 combine with oxygen independently from the normal haemoglobin present and as they have a high affinity do so at a lower partial pressure of oxygen than the normal hiemoglobin present, the resulting dissociation curve being normal in the physiological range. This contrasts with the results for the red cells containing other high affinity hemoglobins, namely Hb-Koln or Hb-St Mary's, where the dissociation curve is shifted over the whole range into the physiologically important part. This suggests that Hb-St Mary's and Hb-Koln interact with the normal himoglobin present, and the reason for this is seen in their structure. These haemoglobins have the overall structure a,P, and can therefore form complementary ap-dimers to interact with the normal hmmoglobin present in the cell. On the other hand, Hb-P4 and Hb-y4 have no a-chains, cannot form ap-dimers and so are unable to interact with the normal heemoglobin present.
The results show that one of the factors governing the compensation in a hemolytic process is the availability of oxygen to the tissues and it is suggested that one of the factors controlling this compensation is the oxygen affinity of the red cells. It is probable that this mechanism also applies to hemolytic anzemias other than those due to abnormal haemoglobins. It has recently been shown that 2-3 diphosphoglycerate controls the oxygen affinity of hkmoglobin (Benesch et al. 1968 ) and any alteration in 2-3DPG level in the red cell might affect the oxygen affinity. In pyruvic kinase deficiency the level of 2-3DPG is known to be raised (Bowdler & Prankerd 1964) and we have found that the oxygen affinity in red cells with this condition is reduced, P50=37 mmHg. In keeping with the proposed control mechanism, compensation for the haemolytic process is poor in this disease (Bowdler & Prankerd 1964) .
A more detailed report of these findings has been published elsewhere (Bellingham & Huehns 1968 ).
